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1 Title of Invention 

METHOD AND APPARATUS FOR COOPtrNO LIGHT EElITTEaj 
PROM A MtTItTZ-HODS lASER DIODB ARRAY 
TO A KOLTI-MODE OPTICAIi FIBER. 

2 Claims 



1 1- An apparatus for coupling polarized light emitting 

2 from a seal ti -mode diode laser to. an optical fiber 

3 cornprising: 

4. a half-wave plate, adjacent to the multi-mode 

5 diode laser in a path of the light such that 

6 substantially one-half of the light emitted from the 

7 multi-mode laser is rotated by the effect of the 
.8 half-wave plate; 

9 collecting optics, situated in the path of the 

10 light between the half-wave plate and the optical 

11 fiber; and 

12 a double refractive prism, situated in the path of 

13 the light between the collecting optics and the optical 

14 fiber such that the double refractive prism displaces 

15 substantially one-half of the light by an amouuat 
approximately equal to a diameter of the optical fiber 

17 so as to overlap sxabstantially one-half of the light 

IS onto another one-half of the light which then is 

19 inserted into the optical fiber. 

1 2. The apparatus according to claim 1 wherein the 

2 collecting optics conprises a lens let array. 

1 3. The apparatus according to. claim 2 wherein the . 

2 double refractive prism is constructed from a group 

3 consisting of calcite and quartz. 

1 4, A optical fiber array for a printer, the optical 

2 fiber array comprising: 

3 a plurality of optical fibers each having an input 
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4 end and an output end wherein each one of said 

5 plurality of optical fibers is optically coupled by a 

6 coupling means at the input end to a multi-mode diode 
laser arranged in an array of diode lasers, said 

8 coupling means further comprising; 

9 a half -wave plate, adjacent to the multi-mode 
laser in a path of the light such that the polarization 
of substantially one-half of the light emitted from the 
multi-mode laser is rotated hy the effect of the 

13 half -wave plate; 

14 
15 



7 



10 
11 
12 



18 
19 
20 
21 



collecting optics, situated in the path of the 
light between the half-wave plate and the plurality of 
16 optical fibers; and 

a double refractive prism, situated in the path of 
the light between the collecting optics and the 
plurality of optical fibers such that the double 
refractive prism displaces substantially one-half of 
the light by an amount approximately equal to a 

22 diameter of one of said plurality of optical fibers so 

23 as to overlap substantially one-half of the light onto 
another one-half of the light which is then inserted 

25 into one of said plurality of optical fibers. 

1 5. The apparatus according to claim 4 wherein the 

2 collecting optics coac^srises a lenslet eurray. 

1 6. The apparatus according to claim 5 wherein the 

2 double refractive prism is constructed from a group 

3 consisting of calcite and quartz. 
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Detailed Descrip-tion of Invention 



BACKGROUND OF TOE INVENTION 

The invention relates generally to the field 
of fiber optics, and in particular to a method and 
5 apparatus for coupling light emitted from a multi-mode 

laser diode array to a multi-mode optical fiber. 

Systems incorporating a laser light soxirce 
optically coxjcpled to an optical fiber are well known 
10 and find an ever- increasing variety of applications. 

Such sy0tCTU3 include fiber optic communications 
systems, fiber optic medical instruments, welding 
equipment, laser copiers, laser printers and facsimile 
machines. 

15 

Fig. 1. is a cross- sectional view of a 
conventional optical fiber having a core 10. and 
cladding 20 and shows that an angle 6« defines a maximum 
launch angle, 4*e# a.t which guided light rays 30 may be 
20 Injected into the optical fiber. This launch angle is 

usually given in terms of nimeirdcal aperture (NA) which 
is commonly defined by the following equation: 



NA = sin 0^ = ^nf — 



where ni is the index of refraction of the core 10 and 
7X2 is the index of refraction of the cladding. 20. 
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Slnce energy launclied at angles greater* tlian 
is rapidly attenuated, coupling efficiency of a laser 
diode to a fiber depends upon NA. 

5 High-power laser diodes are usually edge 

emitting multi-mode lasers. These laser diodes consist 
of either a single, broad area c^mitting aperture 
commonly 1 micron by 200 microns or they are arranged 
as an array of smaller sized apertures. A divergence 
10 angle of the light emitted by such a laser diode array 

through an array of smaller sized apertures is 
typically 30 degrees hy 10 degrees where the smaller 
divergence (10 degrees) is the divergence measured 
along the edge (the longitudinal) direction. 

13 

Optical systems are frequently described by 
an optical invariant, or Lagrange, which is constant 
for a given optical system. A numerical value for the 
Lagrange may be calculated in any one of a niamber of 

20 ways known in the art and the Lagrange may then iDe used 

to arrive at a value for other cjuantities of optical 
significance. Ilie Lagrange in each direction for a 
laser diode array is defined as half the size of the 
emitting apcrttire times half the divergence angle (in 

25 radians) . In the typical case« the Lagrange invariant 

in one direction (the -array* direction or long 
dimension of the emitting aperture) is denoted by L^/ 
and defined as: 

30 • La = (200/2) * (5/57.3) = 8.5 microns 

where 57 . 3 is the conversion factor for converting 
degrees to radisuis. The Lagrange invaricuit in the 
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other airectioxi, l.e.« tlie "cross array direction" or 
short dimension of the emitting aperture # Lea is: 

liaa = .5 * 15/57.3 = .13 microns 

5 

Since optical fibers are typically radially 
symmetric, their Lagrange/ Lfi^-r is the sauae in any 
direction and is therefore given l3y: 

10 Lfujar = a * NA 

where a is the fiber core radius and NA is the 
Numerical Aperture as previously described, 

15 The capacity of optical systems to transmit 

light is called *the optical throughput' or * et endue * . 
The optical throughput is an invariant of the 
non- truncating, non-absorbing and non-diffusing optical 
system end is proportional to the Lagrange invariants 

20 in two directions, namely L^ * Loa- When an optical 

system with a large optical throughput is coupled to axx 
optical system with a lower optical throughput, light 
loss occurs- Such light loss is avoided when the 
optical throughput of a receiving system is greater 

75 than or equal to the optical throughput of a 

transmitting system. One way to ensure that the 
optical throughput of the receiving system is greater 
than or equal to the optical throughput of the 
transmitting sywstem, is to have both L« and L^ of the 

30 receiving system greater than or equal to the L^ and Lea 

of the transmitting system* 

For light to be efficiently coupled into the 
fiber therefore, the Lagrange of the fiber has to be 
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larger tihan tihe Lagrange of the laser diode array in 
iDOtzh directions. Furthermore, it is desirable to 
inject light from the laser diode into a fiber having 
the smallest Lftb« possible • In laser printing, for 
5 example, where an end of the fiber is imaged onto a 

media, a lower Leu>«r results in either a smaller spot of 
light at the media or a larger depth of focus. Since 
lia > I>ca/ is desirable to miniinize so as to permit 
the coupling of the laser light into a lower Iifitw 

10 

It is desirable therefore to optically couple 
a multi-mode laser diode array to an optical fiber in a 
manner which reduces the overall such that the power 
euid radiance of the laser light transmitted through the 
15 optical fiber is increased, 

SXIMMRRY OF THE INVENTION 

The present invention efficiently coxxples a 
20 multi-mode laser diode or an array of multi-mode laser 

diodes to an optical fiber so as to provide laser light 
of increased power and radiance -to appear at an output 
end of the fiber. The invention coxnprises - in 
addition to a multi-mode laser diode and optical fiber, 
25 optical components which rotate by 90 degrees 

polarization of one-half of the laser light and then 
subsequently overlap this rotated one-half of the laser 
light onto the other, non-rotated one-half of the laser 
light. The net effect of this rotation and overlap is 
30 to reduce the overall Lagrange invariant in one 

direction, namely the array direction, or L,. 



Viewed from one aspect, the present invention 
is directed to an apparatus for efficiently coupling 
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the light emitted from a tnulti-mode laser diode to an 
optical fiber. One einbodiment of the apparatus 
comprises: a multi-mode laser diode or array of loser 
diodes; an optical fiber; a collimator, or a collimator 
5 and a cylinder lens, located between the laser diode 

and the optical fiber; a half-wave plate located 
between the collimator and the optical fiber; and a 
Wollaston or Rochon prism located between the half -wave 
plate and, the optical fiber. 

10 

A second embodiment of the apparatus 
coo^rises^ in addition to the multi-mode laser diode 
and optical fiber: a half -wave plate located between 
the laser diode and a collimator or lens; and a dotO^le 
15 refractor located between the collimator and, tbe 

optical fiber. 

Viewed from another aspect, the present 
invention is directed to a method for efficiently 
20 coupling a imilti-mode laser diode or array of laser 

diodes to a multi-mode optical fiber. The effect of 
the method is to reduce the overall Lagrange in the 
array direction, or La. 
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BRJEF DESCRIPTJON OF THE DRAWINGS 

Fig. 1 illustrates a siinplified and 
conventional view of an optical fiber showing the 
5 angles o£ optical significance ; 

Fig. 2 shows a first embodiment of the 
present invention; 

10 Fig. 3 shows a second einbodiment of the 

present inventions- 
Fig. 4 shows a third embodiment of the 
present invention; 

15 

Fig. 5 shown gtn optical fiber array, which, 
in conjunction with the present invention, may be 
incorporated as a coxitponent of a printer; and 

20 . Fig. 6 shows a high-level block diagram of a 

thermal printer which incorporates the present 
invention. 

To facilitate reader understanding, identical 
25 reference numerals are used to denote identical or 

similar elements that are common to the figures. The 
drawings are not necessarily to scale. 

DETAIIiED DESCRIPTION 

30 

I will now describe a preferred embodiment of 
the invention while referring to the figures, several 
of which may be simultaneously referred to during the 
course of the following description. 
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Refenri-ng now to Fig. 2, theire is shown 
optical assemljly 100 in accordance with, a first 
exobodiment of the present invention. Laser diode 
5 array 40, which is well known in the art, emits 

diveraiiiOe and essentially linearly polarized rays of 
light 41 along optical eocis 47 for subse<^ent 
transmission through optical fiber 48. Collimator 42, 
or alternatively, a colliiaator and a cylindrical lens 

10 (not shownj , is disposed between laser diode array 40 

and optical fiber 48. . Although the term collimator 
commonly implies that an object plane is located at a 
front focal plane of a lens and an image plane is 
located at infinity, those skilled in the art 

15 understand that with a slight focusing of the lens the 

fiber may be placed at a finite distance from the lens. 
Collimator 42 receives the diverging rays of light 41 
and functions to reduce the divergence- These light 
rays 41, upon exiting collimator 42, are focused to 

20 converge at optical fiber 48. Half wave plate 44. 

disposed between collimator 42 and the optical 
fiber 48, .rotates polarization of that portion of light 
rays 41 which pass through the half wave plate. Upon 
exiting the half wave plate, the light rays now form 

25 two distinct beams of light 43 and 49 which differ in 

their polcirization. Both beams of light 43 and 49, 
enter a Wollaston prism, or alternatively a Rochon 
prism, 46- The prism overlaps the two beams of 
light 43 and 49 onto one another such that the 

30 Nuxaerical Aperture of the beam of light 45 exiting the 

prism is 1/2 of the Numerical Aperture of the beams 43 
and 49 entering the prism. XTpon exiting the prism, 
overlapped light beam 45 strikes an end of optical 
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fiber 48 and is inserted into optical fiber 48 along 
optical axis 47. 

Referring now to Fig. 3, tliere is shown an 
5 alternative embodiment of the present invention 100. 

Laser diode array 40, emits diverging rays of light 
along optical axis 47 for subsequent transmission 
through optical fiber 48. Half wave place 44, 
positioned at the output of laser diode array 40 

10 rotates the polarization of those light rays which pass 

through the half wave plate such that diverging, 
rotated rays 51 and diverging non-rotated rays 41 
result. Both rotated and non-rotated rays enter 
collimator 42 and, upon exiting, the resulting light 

15 rays are focused so as to converge upon an end of 

optical fiber 48. Both rotated and non-rotated rays of 
light then enter double refractor 50 having axis 53 and 
made of a suitable material, i.e., calcite or <iuartz, 
positioned anywhere between collimator 42 and optical 

20 fiber 48 such that the double refractor displaces half 

of the rays of light entering the double refractor by 
an amount approximately eaual to a diameter of the core 
of optical fiber 48. In this manner, rays of light 51 
which are rotated by the half wave plate and rays of 

25 light 41 which are not rotated, are overlapped through 

the effect of the double refractive prism 50 into a 
single set of rays 52 which converge at, and axe 
inserted into optical fiber 48 along its optical 
axis 47 . 
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With reference to Fig. 4, tliere is shown a 
third enibodiinent of the present invention. This third 
exnbodiment is similar to the first ein^Dodimenl^ shown cuid 
described previously, except that single collimator 
5 lens 42 shovm in Fig. 2, is replaced by lenslet array 

55. Xn the third enibodiment shown in Fig. 4, laser 
diode array 40 emits diverging rays of light for 
sxibsequent treuismission through optical fiber 48. 
Lenslet array 55, corrgprising an array of individual 

10 lenses 56, is positioned between laser diode array 40 

and optical fiber 48. Each individual lens 56 of 
lenslet array 55 receives light rays* from an individual 
emitting aperture 57 of laser diode array 40. Although 
Fig. 4 shows only 4 individual apertures 57, those 

15 slcilled in the art could readily increase/decrease the 

number of emitting apertures 57 and individual lenses 

56 c ompr ising lenslet eirray 55, The diverging light 
rays^ upon exiting lenses 56 comprising lenslet array 
55, enter single cornbiner lens 57 which focuses the 

20 light rays to converge upon optical fiber 48. Half 

wave plate 44 i positioned between single combiner lens 

57 and optical fiber 48, rotates those light rays i»>^ich 
pass through the half wave plate such that rotated 
beams 59 and non-rotated beams 58 result which differ 

25 in polarization. Both rotated and non-rotated beams 

then enter a Wollaston or Rochon prism 46 positioned 
between half -wave plate 44 and optical fiber 48. The 
prism overlaps the beams of light 58 and 59 into a 
single overlapped beam 45 which strikes an end of 

30 optical fiber 48 euid is inserted into optical fiber 48 

along optical axis 47. 

The invention can be further understood 
through the following example in which the invention is 
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incorporated into an optical fiber array, wliicli itself 
may be incorporated into a print head mechanism. In 
the field of printing, it has been found desirable to 
generate an image with a plurality of simultaneously 
5 produced dots - A thermal printer that operates in this 

mode is described in U.S. Patent No, 5^164,724 entitled 
"Thermal Printer", issued to Baek et al on Npvexnber 1, 
1992 and is assigned to the present assignee hereof and 
is incorporated by reference herein, 

10 

When operating a printer such as the one 
described above, it is necessary to accurately focus 
light from output ends of the optical fibers onto a 
suitable receiver ^ such as a photosensitive thermal dye 

13 transfer medivim. inasmuch as image data can be 

reliably assigned to particular optical fibers for 
transfer to a p£G:ticular area of the receiver, thus 
when the light output from the ends of the optical 
fibers is accurately focused onto the receiver, the 

20 printer produces high resolution images. By 

incorporating the present invention into such a 
printer/ the laser light is output from the ends of the 
optical fiber with more power and greater depth of 
field thereby enhamcing the accuracy of the light 

25 projected onto the receiver and further enhancing the 

printed image. 

Referring now to Fig. 5, there is shown axx 
optical fiber array 60 coupled to laser diode array 40 
30 by coupling 100. The sirray 60 contprises a support 

member 62, a plurality of optical fibers 48 and holding 
member 66. Optical fibers 48 are supported and 
positioned in spacer grooves (not shown) formed in the 
support member 62. Holding member 66 is adhesively 
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bonded to both support member 62 cind optical fibers 48 
witli a boxicling material i.e. , epoxy, of which a wide 
variety are well known in the art. 

5 Coupling 100, shows the first embodiment 

previously described which comprises collimator 42, 
half-wave plate 44 and Wollaston or Rochon prism 46 . 
Light emitted from individual laser diodes is coupled 
to individual optical fibers 78 (which are typically 

10 bound together by jacket 82) by coupling 100. The 
light so coupled traverses the length of optical 
fiber 78 and then exits the fiber at exit end of 
fiber 78, which is positioned at output end 72 of 
array 60 and where it may subsequently strike a 

15 suitable receiver (not shown) . 

Array 60 is adapted for installation into a 

print head of a thermal printer. When installed in a 

printer, output end 72 is positioned at the object 

20 plane of a printing lens (not shown) located within the 

« 

print head (not shown) . 

The invention of the present application 
reduces the numerical aperture at a plane on which a 

25 media to be printed lies, and thus reduces the Lagrange 

invariant Lar in the array direction. Since the 
Lagrange invariant is proportional to the product of 
the size of a printed spot and the numerical aperture 
at the media, I use the reduction of L^ to either 

30 reduce the size of a printed spot or the NA, or both. 

When the size of the printed spot is reduced, the 
resolution of the printer is increased. When the NA is 
reduced, the depth of field at the pleuie of the media 
is increased, A large depth of field means that the 
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size of the printed spots at the media - which 
determines the density of the final print, is less 
dependent on the displacement of the media such as 
caused i>y a •drum runout'. 

5 

With reference to Fig. 6, there is shovm a 
block diagram of thermal printer 200 which incorporates 
the teachings of the present invention. As such 
printer 200 comprises driiin 110 which is mounted for 

10 rotation about axis 114 and is driven by motor 104. 

Dnim 110 is designed to support a thermal print medium, 
not shown. A thermal print medium for use with the 
printer 200 can be, for example, a medium disclosed in 
U.S. Pat, No. 4,772,582, entitled "Spacer Bead Layer 

15 for Dye-Donor Element Used in Laser Xnduced Thermal Dye 

Transfer", grem^ted Septexhber 20, 1988, assigned to the 
present assignee hereto auid also incorporated by 
reference herein. 

20 Print head 150 is movably supported adjacent 

drum 110 for slidable movement along a lead screw 112, 
The print head is driven by motor 104 which rotates the 
lead screw. Print head 150 comprises fiber optic 
array 60 (Fig. 4 - not shown in Fig. 5). Optical 

25 fibers 48 in array 60 are coupled by the coupling of 

the present invention 100 to a plurality of diode 
lasers 40, typically arranged in an array. Each of 
diode lasers 40 can be individually modulated under the 
control of computer 91. Xn this manner, when an 

30 individual diode laser 40 is selectively energized, 

light rays emanating from that individual diode laser 
are coupled to individual optical fiber 48, by 
coupling 100, and are transmitted the length of the 
optical fiber 48 until the end of optical fiber 74 is 
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reached. The light then exits the optical fiber 74 and 
strikes print medium located on dnjtm 110. Since 
elements 102, 116, 96, 92 and 94 shovm in Fig. 6 sore 
all conventional # well-known and do not form part of 
the present invention, for the sake of brevity it is 
not necessary to discuss them in any detail. 

Clearly, it should now be Qtuite evident to 
those skilled in the £Lrt, that while my invention was 
shown cu:id described in detcd.1 in the context of a 
preferred embodiment, and with various modifications 
thereto, a wide variety of other modifications can be 
made without departing from scope of my inventive 
teachings . 
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4 Brief Description of Drawings 

Fig, 1 illustirates a simplified and 
conventional view of an optical fiber showing the 
• angles of optical significance; 

Fig. 2 shows a first embodiment o£ the 
present invention; 

Fig. 3 shows a second embodiment of the 
present invention; 

Fig, 4 shows a third embodiment of the 
present inventions- 
Pig, 5 shown an optical fiber array, which, 
in conjvmction with the present invention, may be 
Incorporated as a coxnponent of a printer; cuid 

Fig. 6 shows a high-level block diagram of a 
thermal printer which Incorporates the present 
Invention. 

To facilitate reader understanding, identical 
refei'rence nvimerals are used to denote Identical or 
similar elements that are common to the figures. The 
drawings are not necessarily to scale. 
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1 Abstiract: 

A meliliod and apparatus for coupling a 
multi-mode diode laser with an optical fiber suitable 
for incorporation into fiber optic medical instrijunents^ 
welding equipment, lajser copiers, laser printers and 
facsimile machines. In one embodiment, light emitting 
from a diode laser 40 is collected by collecting 
optics. One-half of the light which passes through the 
collecting optics is passed through a half -wave plate 
44 which rotates the polarization of that light which 
passes through the half-wave plate 44 thereby producing 
two distinct beams of polarized light (43/49). The two 
beams of light then pass through a Wollaston or Rochon 
prism 46 which causes the two beams to overlap upon 
exiting the prism, where the exiting light is allowed 
to enter an optical fiber 48. In another embodiment/ 
one-half of the light emitted from a laser diode 40 is 
rotated by a half -wave plate 44. Both rotated and 
non-rotated light is then passed through collecting 
optics and subsequently through a double refractor 50 
such that the rotated and non-rotated light is 
overlapped onto one another and then subsequently 
inserted into axx optical fiber 48. 



2 Representative 
Fig. 2 



Drawing 



(19)H*H»f|FJt (JP) 



02) §i if ^ ^ (A) 



(/l:^K< 6 M) 

#5I¥8 -338931 

(43)4:^510 ^dS8^(1996)12«24B 



(BDIntCr 
G0 2B 6/42 

6/32 
27/10 

HOIS 3/18 



F I 

G 0 2 B 6/42 
6/32 
27/10 

27/28 Z 
HOIS 3/18 

m^m^ a^jBosce fd immmti (^26H) a»Hfc«< 





4$R¥8- 135648 


(71)U«A 


590000846 










(22)aiBQ 


8 ¥(1996) 4^220 




7piU*-&*S. 3— i^l4650, n 








f'x.T.i'—. 7.7--fh XhU— h343 




4 3 4, 145 


(72)«W« 




(32)ffiifcB 


1995# 5 ^ 2 H 




U*-&*a • 3— ■ 14618 • 


(33)fi5t4t^3BS 


*H (US) 




ng^3iX5'-- • h 7*— H • n— H • 








35 






(74) A 


^m± ^ mSi (^6«) 




(57) [gj;^] 

- Ku-if y-r KT u--f ^^^T-T/^Jc^^^^Wtc:^ 
JCJ:oT. Z:oO(i3tt'-i^ (4 3. 4 9) ^r^fiSc-T 



(2) 



#^^8 - 3 3 8 9 3 1 



*!) <^ U^^EJC K-r 5 p 
[0 0 0 2 J 

10 [0003] mui, ^T\0t<^yyh^2 Qt^ht^^ 

^^?n5pss (NA) <t Lr-^x.»btb5o 

[0 0 0 4] 

»S:i] 



NA= s i n ^ 



gS;^ry ^ffitSffi<b. m%mmt. tSffiPf 

ifc^^* T -Y 1 *coiEs t mtmmz\-fmtL ^ 

!^mt-t^:^yD '^V^^^mK.tz^yr^y^ri^^, 

( 0 0 0 1 1 

La= (2 0 0/2) • (5/5 
5 7. 3ti. gT^-tb^i^TXC^m-r^fci^OS 



[000 5] J:»9:^c#i/^^^aT'^#*$ix5^^ 

[0 0 0 6] fi^^^/U^-U-— ify^::*-— Kll. — ^ 
— Kfi. ii^ ix200^^cr VC/)^— T*X2:i>®ia<7)^ 

3t60^«fi:^SH. ASi6^lcil3 OSx 1 ogT-^b«9. /Jn 
^v^:fr<^^®: (1 OS) ti, («$;^rS]) fcaij 

[0 0 0 7] 3t^'>^7^i.{i, L(l'LJi\ Bff^O^^'> 

7. 3) =8. 5^^D>' 

Lca=. 5*15/57. 3=. 13^^n> 

[0 0 0 8] ^yy-i^^t,. mmmz\t,^ ^S^-ffiltd^f 



-2- 



3 

Lf i ber = a * N A 

10 0 0 9] 

i:-^-^^jg] 3t^C/;^y- 
m&^j:\^>Lm:tdn. (optical throughput 

S^/^flet endue) tmttiX\i^^o ^eit^ifl, 
»9fgi6 (non-truncating), ^KJR. #ftetlC^^¥^^<o:T^^ 
fi:T'^'9, -o<7):^fS], -r^^:bt?La* Lcar% y^^l^ 

t/ Lc a ^(^;^ <h t> «9 v^:^ X CO La :Jo J: Lc a 
[0 0 10] y r ^ ^^^\z.%^-^^mz.^'^-t^\z.\±^ 

^M^1f^^^<f:i^^ t^^^ La>LcaT'fe5;^^lb> La 

# ^ J: 9 ^ w t tm^ \ 

[001 1 ] fi^oT, Ku~1fy-r;^'- Kr 

[0 0 1 2] 

[5^Je^ft?;R:i-5fci»^)(^^^] *^S^co«M*^P>^t^. 

^> fe-^^i/^^i^^tfi:, fe6v^^iLa^S'>$-ti:'5r 
[0 0 13] K ?f y>f 



(3) 4^|||5p8 - 3 3 8 9 3 1 

4 

=1 y ^5^^/5:11=3 y ^ <!: >'^U'>'Xch ; ^y 
<b 5t r ^ ^< t tcK^ ^ ;f 7 ;^ h (W 

[0 0 14] ^^B(i. %:i.<Dwm^m\z.^f\.\'i^ 

^KS^ir, tityT^^<}im^\z,^tWL^ic\. 
[0 0 15] if.^m^. '^ti%mm\^^^\i^ ^^-k 

[0016] 

20 [^0>^(^^iS(O?f^fig] 

m^^^^/ufz. y'v i^^(Dmf^mmtLxwL^j2-tsz 
t(r)X^ hity 7 ^ ^^^-To meti, i^^m^ 

JO [0 0 17] t:>:^>i9-^-r<'r5fc*!>(::. 

[0 0 18] \^XY. ?^f^[gI®^#BSL/.C75^^. :2^^P^<7) 

[0 0 19] ii^^^o:>%-<ommWi^^^% 
^^Tir^-Xy 1 0 0 ^TH-fo 1/— ifX><^— KT u-^ 4 
0»l^^cot>(7)T'fe'9. ^SJc LE.o;$:«6^{c^jg(:::^>g 
^ttfc)t^4 1 S:^#+L. ■etb;55)t:7T-r^<4 Bcoifi^ 

>'X (m^-ttr) tfX-i'^--Kr u-^4 0<!:3t:7 

r'^>'<4 8 i:or^1(cia^^tv5o y ^-^5^<^v^9ffii§ 
ffi¥fr5liE;5?i^>X(0^:^Sfe,^,ffi{;i^b9. « 

u-:^X^t?-r;^^(c,1fe.^,^*D-tfr'5^<htcj:o 
^T^/<(lU'>'X75>P>WR5Sgft*ciag-r5r 
^^Z.ht-}::^t-^X^^O. =^ y ;^ — ^ 4 2 (i. tetfc^ 
Ig4 1 SrStt^^ . •t^^tittJ:^®^>$-tt5fili^^-r5o 
:itLbf07ta4 1 =^v^—^4 2^m^t. ±y7 
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4 3 <b 4 9 «rJ^fiK-t-5o 5tf-A4 3 4octU^4 9f:i. t 

4 6l::A5o >^yXAtCctO, z:o<7)>tt'— A4 3 4 
9«il[ia'g^*:>$tt. :/y XA«rtB5*b'-A4 5C0HP 
Xi>.(CASf— A4 3 <^4 9co^P^(^2/' 

[0 0 2 01 »:t-I13^#BB-r5<J:, 1 0 OCOS'J 

0*1, 3ttt4 0J^?&oT«Sfc3tlS«r£aL. gcl^ 

KT ixw- 4 ocoffi;^J^|l]^ci^g^n. ^zS:^^^* 
X. ^m^m^ms i <t^»*[HiS3t^4 1 1:^^^^ 

5o ^ffc0|53t^'b^t5c^iHj|c3t^t,=^y >-i^4 2{:: 
m^nSo Steals t^[Hlte)ti»t. W5 3Srfi-L*'#P 

^ ^ ^<Dm^ fj:«m^ hmi^ ^ tutmmmm 

%yr^y<4B(Oz2r(Dm.mzm^^\^\i^^ti 

$tt/i3felS5 1 IHl$K^tlTv^/^^^*g|4 1 tt^. m 
®W:/y XA5 0(^J$!i^lcJ:o-cm:Ja-g^^$n. 

4 8(C|f A^tlSo 

[0 0 2 1 ] (ii4icti. ^^m<r>y^^<Dnmmmfi^7r^^ 
ummtmux^x^^ . isv^^l. iei 21^77^ ^^Tt ^- 

=J y — U>X4 2 COft^bO U-^^XT 5 5 7)5 
^ffl$4xT\.^^.^.T'fc'5o lll4tC7F$;rbfCw(^mH(?)|| 
^S?I^S(c:*5V^T, i^— if KT u-f 4 0 ^tfc 

)tia^^L, ^tL:05)t>'r-r^<4 8 ^iiig-rSo i^>X 
r U>r 5 5{1, <B>!?C0U>'X5 6<Dr L^-f ;!)^ib^^'9. U 
— tfy-T;^— Kr L^-r 4 0 )t r ^^<4 8 i: (^Ktc 

laiSi^tb-So u>xr u-r 5 5o^i^>X5 6fi. 

^y—:^— Vr 4 OCOfS^CD^I+TLS 7 f)^h%m^ 
S:ttli5o l^4(cfl. as 7ti4oL;^)^^^?nTVN/^i^ 
^t+?L5 7cO»^oJ:t/U>XTU' 
^ 5 5(7)UvX^$rif;fjD/'^/>^it^Z<tfifffimr'^b 
5o ix:^xr 5 5 ^ts^rs U>-X5 

6^tl35<t. ^-S'g'UVXS 7{1A'9. w<7>U>XfC 
cfcoT. 7t*S/05^>'T'^^<4 8±-CJ|Xm-r5o 
U->X5 7 <^^7r^''<4 8 (tCDrmlt-, ^m^^4 4-/i'^ 
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6 

— 5 8 J: 5>l-?toTV^5o iHlSsbT— i^i: 

#^[Hj$Gt:'— All, «t'^^t>. ^Kfi«4 4 t^t^T-Y^^ 
4 8 ^cor«1(ciB^^tnb^';e-7>^ h>'^:tllD'>3 ^-X 
yXi^JCASo :^y Xi^dJioT^tr— A5 8 i: 5 9 t 
TO^fi^-g^^^tL. ¥-'Ofi^a'g't:>-frt'— i.4 5 ct^<C»?, 
^ti;d5*>^r-f^<4 8 0igSl5{c^fc»5, 5t$ft4 7tcfe^o 
T*>'T><^<4 8fC|¥A$ix5o 
[0 0 2 21 *:^0^;5«3t7T>f-'<ru>rtc^i9 52, 

^5 1 6 4 7 2 4^'<D\i*—^ (B e a k) ffe TflR^fnM 

[0 0 2 3] ±M<D^otmmm^Vfm^'±^\c{±. % 

t><D^'^(D%y r ^ ^^\zMM\z.Wi "O^X^z^tt^x^^ 

io [0 0 2 4] mstcji, ityT^^<r\^^^ot^ti-f^) 

2<b. ^S©:<D^7T^^<4 8 ^}^g|iW6 6 <t^ffix. 

5o 3t:7r'<^<4 8*1. ^I^Ss^^e 2f^(::ff^fiJc:^;h.fc^ 

6 6*1, gg«SiJ*rJ:or, ^l^aJ«'6 2 t*>'T^^M 

[002 5] :^Xy>iJ^100ll, ny 7<— 15^4 2 i: , 
40 ^&:gS4 4 >i ^^"yy^ K>^/i*ln 3 vXy XA4 

if^^;*"- K7:j>bai#t$tt5^*l, ;^Xy^i/iOO*c 
J:or. fi>!r(?53t:7r^/<7 8 mmma^ii^^^yh 
8 2{z^^xmmcmm^tix\^^^) {z'^^^ti^^ z 
(^j: 9(cis^$n7t3tii. ^yr^y<7 8<D^^m^ 

X. r L^-f 6 0cottS:^dS8a5 7 2*:iiag*ixfc:7r>f /<7 

8omp;5^bair. -twT-. efc*c, ig^/^uv--/^ (m 

[0 0 2 6] r U-^ 6 0 tl, S\^Hl»Jia60RlJRlJ-v5/ KIC 

50 mmiti^^<mf&^ti^o mm\zmm^tt^m^. 
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tzWmui^X mTTk-^-r) co^J-i^^S (object plane) 

[0 0 2 7] ^^m^z(DXoi^cjtm'r^t. m^i^ti 
-r^o :^>(-^^h^m^t>m±-t^t\^'^o ztit. m{^x 

JBy:^?J^'y TK^A/Uy— j (drum ru 

nout) {c^ox±c^xo^j:m»(7:>mmch^^m 
[0 0 2 8] m6\±, :*^^m<Dm^^^*)xti-ftm^w 

Wt^^mm2Q QX\±. 1 1 075^*111 1 4COlH|»9 

}^-r'5J:p(c^tf$tt5o BiWJm2 0 0 ^^[c-^ffi^tL 
S^.^^iS'J^ft^H. fc<hxf^, *IliRFWm4 7 7 2.5 8 
2 r U-if ^^3Rl^^^Sf e^-C'iSffl ^tl^^Pc 

— ^^-^(OTtibO;^^— f-h'— Ku^r (SpacerBead Lay 
er for Dye-Donor Element Used in Laser Induced The 
rmal Dye Transfer)j (c^tJ^^HTI/^^o w<7)iRFrFJl, 

1 9 8 8^9^2 on\z9^m%m^^. m?toBisttA 

[0 0 2 9] ^JSlj-- :y K 1 5 0 II. A 1 l 0 Icf^^ 

1 0 4{cJ:oTiK»)$ix5o filJS'J--5/Kl 
5 011. 7r^^<3tr U-r 6 0 (|g|4, IIl5«Cfi^$;K 
T^/^T^^l^) ^{i;t5o TU^ 6 0(^3t7r-f >'<4 8fl, 
*^P>^60;<7r y Vi/ 1 0 OlCjioT. 1giS:<7)y^>t— K 
4 Ot^^a-^^tt-So :^-r:t- KL— tf 4 Oil. A 



[1^1] 




(5) 4^^5^18-3 3 8 9 3 1 

8 

53t^;i^ :^:/y 0 0(cJ:oT. <@^co^:7r>r 
/<4 8lC^'a^$n. A>'>i'r^<4 8coq3;§.jj(9^ ;y^y^ 

>r^^7 4<^5ggi5{cig-r5o *:ii, *:7T-r^<7 4 

t. K^Ai 1 0±{riS®$n^B3aiMft:»cSrc-5o 13 
6 IC^^tLfcSJ^t 1 0 2. 1 1 6. 9 6. 2§^tK9 4 11. 

t£ I ^75* P> . ^ix e> {CO V ^TI^SBlCi^-^ -5 r <t Jl L3tf V \ 
[0 0 3 0] JL^±. ^%P>^<7)»^ L^^II^S?f^flijoi:t>'^ 

*:^0^fi. ^m(ommp^\z.i6\f^xm:ihmi^ 

[112] :^^m<Dmi<Dnmi^m^7r^'ro 
20 [113] :^^m(Dm2<D'mmmm^7f^'t. 

[US] ^^^^^^Ktifz^ ^mm,<r>m^m:mt\.x 

Igc^^d® IC o r ^ ^ 5 f^— :i 7t ll^facD^ Wic llfi] 

30 4 0 y-T:^— KL^— if (i/-f KT U^) 
X) 

4 4 ^iSS^K 
y XA) 

48 )t7T-f^< 

4 3.4 9 {i^t'-A 
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(6) 



^MW-S -3 3 8 9 3 1 
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100- 



[115] 



42 44 46 



40 100 
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H4 



150 ^ 



^ 110 t04 



M06 



/02 



62 



7" 



/OO 7'U-< I 



32 



.40 



200- 



mrrp 



D/A 




96 



:7n >- h^—i^<om^ 

(51) Int. CI. 6 mm^ ff^mm^^- fi t&mm^^mm 

HOIS 3/23 HOIS 3/23 Z 



-6- 



